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1. Introduction

In RAN#69 meeting, narrow band Internet of Things (NB-IoT) has been approved as a new work item [1], and following agreements are made in RAN1 NB-IoT AdHoc meeting [2] and email discussion NB-IoT2-12.
	RAN1 NB-IoT AdHoc agreements:

Working Assumption: 

· At least for UEs in extreme coverage (FFS how the UE knows its coverage level for the purpose of knowing which gap configuration applies, if any), for transmission in downlink which requires large number of repetitions, DL gaps can be introduced during the repetitions of NPDSCH and NPDCCH

· Note: During a DL gap, UEs other than those configured with the particular gap can receive their NPDSCH and/or NPDCCH 

· Gap configuration is provided by SIB signaling

· Configuration information is composed of a subset of the following: 

· Gap enable/disable, Gap starting point (periodicity, offset), Gap size, number of Gaps for Rmax repetitions

· Exact subset is FFS.

· FFS how many gap configurations are needed

· For a given UE, the subframes designated as DL gap are treated as invalid DL subframes for the given UE

· Invalid subframe means: When overlapping with a DL gap, PDCCH and PDSCH repetitions are FFS (until RAN1#84bis)

· either postponed to the next valid DL subframe 

· or skipped

· Note that these gaps do not apply in Idle Mode. 

· Note that this does not impact downlink-uplink timing relationships

Email agreement until Thursday 31st March to close FFS points in the first main bullet. When all RRC details are agreed for these gaps, working assumption for the first main bullet will automatically be confirmed. 
The followings are agreed via email discussions. 

Agreements:

· For RACH Msg2 and Msg4, the UE knows its gap configuration according to R_NPDCCH_max configuration of the CSS for Msg2 (i.e., RAR) transmission. This is also the default gap configuration for DL transmission after Msg4.

· For DL transmissions after Msg4, the UE knows its gap configuration according to the UE-specific R_NPDCCH_max configuration. In case there is no R_NPDCCH_max configuration, the UE uses the default gap configuration.
· The subset is: {Gap starting point periodicity, Gap size}.  

· Gap configuration provides indication on if the DL transmission gap is enabled or disabled.

· Gap starting point is defined over absolute subframe number.

· At least one threshold X1 is defined, and correspondingly one gap configuration can be signaled for R_NPDCCH_max >= X1;

· Decide till RAN1#84bis if a second threshold X2 is defined, and correspondingly a second gap configuration can be signaled for X1 > R_NPDCCH_max >= X2.




This contribution discusses remaining details on NB-PDSCH for NB-IoT. 
2. Discussions on DL gap
Downlink gap is introduced for NB-PDCCH and NB-PDSCH to avoid transmission blocking by UEs with large repetition. If number of repetitions larger than the threshold X1 is configured to certain UE, downlink gap configuration is applied to the transmission for the UE during configured time periods, so that data for other UEs can be transmitted without waiting too much. On the other hand, for UEs configured with the gap, several behavior can be considered for transmission on downlink gap, for example, postpone or skip. More specifically, transmission overlapped with gap may be postponed until next valid subframe, or dropped. If repetition is postponed, multiplexing of UEs with different coverage level can be difficult due to the delayed TTIs. For example, search space of different repetition levels may not be aligned if some UEs with the largest repetition level will postpone transmissions in different subframes. Though this signaling is cell-specific or coverage-level specific, from different repetition level UE’s perspective, it is rather UE-specific invalid subframes. Therefore, repetition is considered to be dropped when overlapped with the DL gaps for NB-IoT for the simple operation.
Proposal 1: Repetition is dropped when overlapped with the DL gaps for NB-IoT
Multiple downlink gap configurations can be considered for the different downlink environment such as coverage levels or PRBs, or for common signals as CSS. However, multiple downlink gap configurations for a UE seem not so beneficial to downlink transmission for NB-IoT. As agreed, a gap configuration will include gap periodicity and gap size. Without starting offset configured, if multiple gaps are configured, the starting position will be aligned. If multiple gaps are introduced, it may imply that different gap periodicity and gap size would be used per different repetition level. The similar behaviour in our view can be achieved by configuring X1 and adapting the gap periodicity. For example, with repetition 1024, the gap periodicity is 160msec with 20msec gap, and with repetition 512, the gap periodicity is 80msec with 10msec gap periodicity. This will allow in every 80msec, 10msec or 20msec gaps will be available for other repetition cases. The similar behaviour can be achieved by setting X1 = 512 and configure the gap periodicity of 80msec with 10msec. In this sense, it is not clear the motivation of multiple gap configurations. Therefore single gap configuration is preferable unless benefits from multiple DL gap configurations are observed.
Proposal 2: Single gap configuration is defined for NB-IoT downlink transmission.
3. Discussions on Collision
In case a UE is configured with the anchor PRB for control and data transmission, it is necessary to handle collision between control and data with common-data such as SIB, RAR transmissions, paging and PBCH transmissions. As handled in eMTC, our view is that unicast traffic will not be mapped to the same resource scheduled for SIB or PBCH transmissions. In terms of UE behaviour to handle repetition, we prefer the similar approach adopted in eMTC i.e., the subframe is counted for repetition, though the repetition is not mapped to the overlapped resource. For paging, as it is difficult to anticipate the resources used for paging as it could be different per UE, it is desirable to leave it up to the network scheduling to avoid the collision. In terms of RAR and control/data unicast transmission, one approach to minimize collision is to reserve some RAR resources which would not be used by unicast control/data transmission. Otherwise, the collision would be up to the network scheduling to avoid.  
Proposal 3: Resources scheduled for SIB or PBCH will not be used for unicast control/data transmission. The subframe will be counted for the repetition. For other cases, such as paging and RAR, collision handling is up to the network scheduling.
4. Conclusion
This contribution discusses some aspects related on downlink design for NB-IoT. The following captures our proposals. 
Proposal 1: Repetition is dropped when overlapped with the DL gaps for NB-IoT
Proposal 2: Single gap configuration is defined for NB-IoT downlink transmission.
Proposal 3: Resources scheduled for SIB will not be used for unicast control/data transmission. The subframe will be counted for the repetition. For other cases, such as paging and RAR, collision handling is up to the network scheduling.
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